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Takasi Yamazaki* : The embryology of Shortia uniflora 
with a brief review of the systematic 
position of the Diapensiaceae 
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The material was mostly collected from Izugatake, Nishitama-gun, Tokyo pref., 
and fixed in formalin-acetic-alcohol. The sections were cut at the thickness of 10- 
15 microns and stained Heidenhain’s iron-haematoxylin. 

Ovule and embryo sac. The ovary is trilocular, as common as in other 
members of Diapensiaceae and has axial placentation with many anatropous ovules. 
The mature ovule has a single integument of 8-10 cell layers in thickness. The 
integumental cells of the chalazal part form the thick walled hypostatical tissue 
(fig. 6). A single hypodermal archesporial cell differentiates in the young nucellus 
(fig. 1). The archesporial cell functions as the megaspore mother cell and divides 
transversely to form a linear tetrad of four megaspores (fig. 2). The cell of chalazal 
end functions and gives rise to the embryo sac. This undergoes three successive 
divisions resulting in the formation of 2-, 4- and 8-nucleate gametophytes (figs. 3-5). 
The nucellus that is represented by a single layer of cells degenerates so early, 
that at their 2- or 4-nucleate stage, the gametophyte itself becomes to be directly 
surrounded by the integument. At the 8-nucleate gametophyte stage, the inner 
epidermal cells of the integument usually contain more cytoplasm than the other 
integumentary cells, but do not constitute the definite endothelium. The mature 
embryo sac is fusiform in shape. The micropylar region of the embryo sac contains 
two synergids and an egg cell. The chalazal region is occupied by three small 
antipodal cells in which the two cells lie side by side and the other single cell 
occupies the charazal end. The antipodals start to disintegrate in early endosperm 
formation. The polar nuclei come to lie very near in the middle part of the em¬ 
bryo sac. 

Formation of the endosperm. The endosperm is of the cellular type. The 
first division of the primary endosperm nucleus takes place with a transverse wall 
to form a micropylar and a chalazal chambers (figs. 7-8). The second division in 
the chalazal cell is transverse, but sometimes oblique, while the micropylar cell 
divides irregularly, in one case, first longitudinally and second transversely, in 
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Figs. 1-13; Shoit'a uniflora. Stages in development of the embryosac and endosperm. 
1. x200, 24. x400, 5. x270, 6. x200, 7-13. xl70. 


another case, in the reverse order (figs. 9-12). In spite of the above mentioned, 
facts, in the second division the endosperm has a tendency to be arranged in a 
linear tier of four cells. Subsequent divisions are irregular (figs. 13-15). All the 
cells divide and contribute to the endosperm formation. The mature endosperm is 
ellipsoidal body consisted of many cells. The endosperm haustorium cannot be 
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found anywhere (fig. 16). 

Embryogemy. After the fertilization, the zygote elongates considerably (fig. 
17). Most of the cytoplasm remains near the tip of the elongated zygote cell and 
the nucleus is also located in this position. The first division is transverse resulting 
in an apical ca and a basal cell cb (fig. 18). The upper cell ca divides transversely 
to form the tiers l and V (fig. 20), but rarely divides longitudinally (fig. 21). The 
tier l and V later divide by vertical walls oriented at right angles (rarely at the 
same direction) to each other to give rise to four cells (figs. 22-23). Longitudinal 
divisions at right angles to the new walls in each tiers result two tiers of four cells 
each (figs. 24-25). Four cells of the upper tier l are divided by tangential wall to 
form outer and inner daughter cells (fig. 26). The outer daughter cells are divided 
only by anticlinal wall and give rise to the epidermal initials. The divisional 
sequence of the inner daughter cells is not definite, whether longitudinal followed 
by transverse, or in the reverse order (figs. 27-29). Inner daughter cells thus 
formed of the tier l differentiate to be the mother cells of the cotyledonary initials 
exteriorly and the elements which constitute the stem apex interiory (figs. 30-32). 
Four cells of the lower tier l' are divided by longitudinal walls to produce eight 



Figs. 14-16. Shortia uniflora. Stages in development of the endosperm and seed coat. 
14. xl50, 15. x85, 16. x60. 
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Figs. 17-33. Shorlia uniflora. Stages in the embryo formation. X300. 


cells. The resultant outer daughter cells of the tier V repeatedly divide anticlinally 
and give rise to the epidermal initials, and the inner cells by continuous periclinal 
and anticlinal divisions form the plerome and periblem initials (figs. 30-32). 

The basal cell cb divides transversely ot form the tiers m and ci (fig. 19). 
The tier m is redivided comparatively slowly to form the initials of the central 
cylinder of the stem icc, and the initials of the central cylinder of the root lec. The 
tier ci divides transversely to form two cells, n and n' (fig. 22). The upper cell n 
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differentiates as the initial of the central part of the root cap co. The lower cell 
n' undergos a few transverse divisions and contributes to the formation of the 
suspensor s. 

The processe of the eih'bryo'fromation of Shortia uniflora is schematized as 
follows: 


o--ca-—— 1 —-—-—-pvt + pco 



Seed coat. At the mature embryo sac stage, the integument consists of 8-10 
layers of parenchymatous cells. The growth and expansion of the endosperm is 
accompanied by progressive digestion of the integument except the outermost layer 
of them. In the late development of the seed coat, the epidermal cells of the integu¬ 
ment enlarge greatly and are filled with a highly stainable materials. 

Discussions. Diapensiaceae has often been included in the order Ericales 
(Diels 1914, Hutchinson 1959), or has been placed in an independent order Dia- 
pensiales near the Ericales (Schultze-Motel 1964, Palser 1963). In Shortia uni flora, 
the ovules are unitegumic, and the nucellus is single layered which disappears 
during the megaspore development. In addition to these, the inner layer of the 
integument constitute an endotheliaceous tissue. All these characters agree very 
well with those of the typical Ericales. 

In the typical Ericales (Ericaceae, Pyrolaceae, Epacridaceae and Empetraceae; 
Samuelsson 1913, Copeland 1933, Palser 1951, Stevens 1911 and Doyle 1941), the 
first and second divisions of the primary endosperm cell is regularly transverse 
resulting in a linear tier of four cells. In the Diapensiaceae the first endosperm 
division is mostly transverse, dut the second division of the micropylar cell is tend¬ 
ing to be frequently irregular. In Diapensia lapponica and Galax aphylla (Palser 
1951) the division of the micropylar cell is frequently longitudinal, while in Shortia 
galacifolia (Palser 1951) the second division is most frequently longitudinal in both 
calazal and micropylar cells. In Shortia uniflora the division of the micropylar 
cell is frequently transverse and only rarely longitudinal, so that the endosperm 
has commonly be arranged in a linear tier of four cells. In the typical Ericales, 
the endosperm forms the micropylar and chalazal haustoria, but in the Diapensiaceae 
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these are absent. These characters along with the irregularity of the division of 
micropylar cell of the Diapensiaceae shows that this family retains primitiveness 
more than the Ericaceae. 

Although only a few species of the Diapensiaceae have hitherto been studied 
embryologically, we can see some pattern different from that of Ericales. The 
processes of the embryo formation of Shortia uniflora do not agree with that of 
Diapensia lapponica (Veillet-Bartoszewska ex Crete 1964) which has mega-archetype 
V of Soueges, but very similar to that of Clethrci alinifolia (Veillet-Bartoszewska 
1960) which corresponds to the mega-archetype IV, though in the latter, the first 
division of the cell ca is definitely longitudinal, while in Shortia uniflora it is 
usually transverse and rarely longitudinal. All the embryo formation of the 
Ericaceae having been studied up to the present is of the mega-archetype VI 
(Veillet-Bartoszewska 1957, 1958, 1959, 1960 and 1961). In spite of the different 
patterns of embryo formation in all the families above mentioned, they have a im¬ 
portant common character. In all cases, both icc and iec are differentiated from 
the same tier, that is to say from m itself or from the cell derived from it. These 
features in the later formation of the embryo, in the authors mind, are the most 
significant from the phylogenetic stand points. In spite of all the differences men¬ 
tioned above, the embryogenical features especially in their later stages suggest that 
the Diapensiaceae should be placed near the Ericaceae, whether this family may 
be placed in different order Diapensiales or not. 
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